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Abstract 

We show that the Higgs boson exchange contribution can be large 
in three-body decays of neutrahnos even in the case of smah tan (3. 
This enlarges the branching ratios for the decays X2 ~^ Xi^b and 
X2 ~^ Xi T~ This is the case in the region of the parameter space 
where the two lightest neutrahnos are gaugino-like, the sfermions are 
heavier than 300 GeV, and m^o < 200 GeV. 
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1 Introduction 



In the phenomenology of supersymmetric (SUSY) particles the neutralinos 
play a special role. In the Minimal Supersymmetric Standard Model 
(MSSM) one has four neutralinos x^, z = 1, . . . ,4. If R-parity is conserved 
Xi is considered to be the lightest stable SUSY particle (LSP). In e+e~ or pp 
(pp) collisions neutrahnos as well as charginos x^, j = 1, 2, are produced 
directly or in cascade decays of heavier SUSY particles. Therefore, a precise 
and complete theoretical knowledge of the decay properties of neutralinos 
and charginos is mandatory for the understanding of all aspects of SUSY 
phenomenology. 

Neutralino decays have been extensively studied in the literature In 
the following we reexamine the decays of X2- two-body decays like X2 ~^ 
X2 ^ X2 ~^ f f (with / being a slepton, sneutrino or squark) 

are kinematically not possible, the three-body decays 

X° - x]ff (1) 

and 

X° - Xtff' (2) 

will dominate. Here / (/') denote a Standard Model (SM) fermion. The 
decay (Q) proceeds at tree level via / and Higgs boson exchange (JtP, if °, 
A° in the MSSM). 

Usually, the Higgs boson exchange is assumed to be small or even negli- 
gible, at least for small or moderate tan/5, where tan/5 = V2/V1, being 
the vacuum expectation values of the neutral Higgs fields in the MSSM. In 
this note we will point out that Higgs exchange can be important in a certain 
domain of the SUSY parameters for X2 ~^ Xi^b and X2 ~^ Xi^^t^. This 
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is the case if Xi ^^id X2 gaugino-like (M < |yu|) and the sfermions are 
relatively heavy {mj > 300 GeV). In this case the contribution will be 
suppressed because the couples only to the higgsino components of Xi2- 
The sfermion exchange contribution will also be suppressed due to the heavy 
sfermion mass. Then the Higgs boson exchange becomes important in the 
decays X2 ~^ Xi^b and X2 ~^ Xi due to the corresponding Yukawa 

couplings which are proportional to nif, and m,-, respectively. This enlarges 
the branching ratios for these decays, even for small tan (3, and reduces the 
branching ratios for final states containing leptons and quarks of the first 
and second generation. For large tan/5 this lepton non-universality effect 
was already discussed in |^. 

Moreover, the Higgs exchange contribution depends on the parameters 
of the Higgs sector. In the MSSM the h^-b-b coupling depends on the Higgs 
mixing angle sin a . We will show that Higgs boson exchange plays a role 
at small tan/5 for m^o < 200 GeV. For larger values of m^o | sina| becomes 
smaller and, therefore the Higgs boson exchange contribution becomes less 
important. The Higgs boson exchange has, of course, implications for the 
neutralino search at present and future colliders. For instance, the neutralino 
search at LEP [||, |^ and the trilepton signal at TEVATRON due to pp ^ 
xf X2 ~^ '^l+PTmiss H, m would be affected by the Higgs boson contributions 
in the decays. 

2 Neutralino Decays 

In the following we are interested in the decays Eq. (|I]) of X2 the case 
\M\ ^ Then X2 decays mainly into Xiff because m^o ^ 2m^o ^ 
~ M. The main contributions stem from the Z-boson and Higgs boson 
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exchanges if the sfermions are relatively heavy (mj > 300 GeV). For the 
following considerations it is instructive to have a look at the amplitudes of 
these contributions: 

Mz = ~g' D^/ Of/' uipi)Y{LfPL + RfPR)v{pk) u{p,)Yl,u{Pi) > 

(3) 

Mfto = g"^ Dho a'j- af u{pj)u{pi) u{pi)v{pk) , (4) 
Mho = g"^ Dho af° af\{pj)u{pi) u{pi)v{pk) , (5) 
Mao = -g'^ Dao af- af u{pj)-f5u{pi) u{pi)-f5v{pk) , (6) 

where Pl,r = (1 =F 75)/2 and Pi,Pj,Pk,Pi are the momenta of Xi, Xp f and 
/, respectively. D'^" = [-g^"' + {pi - Pj)„{pi - Pj),,/ml]/[{pi - pjf - m| + 
imzVz] and Dgo = l/[{pi - Pjf - m% + imsoVso] {S° = are the 

propagators. The couplings are given by 

= o \ [(^a^,-4 - A^isA^is) cos 2/3 - (TV-gAT-^ + Nj-,N,,) sin 2/3] , 

Z cos t7VF 

(7) 

= Ij-efsin'^ew, (8) 
i?^ = -e/sin^^VK, (9) 

Qji sin a + Sji cos a , (10) 



h" 



aj^° = — gji cos a + sin a , (11^ 
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■■ -QjiSinP + Sji cos /3 , (12) 
Qji = ^ \ [(A^i3 cos /? + iVa sin /3) + (iVjs cos /3 + sin (3) Ni2] , 

Z COS n\Y 

(13) 

Sji = ^ \ [(iVi4 COS /3 - iVi3 sin /3)iVj2 + {Nj^ cos /3 - iV^a sin p)Ni2] , 

Z COS nw 

(14) 

mf sin a —mf cos a , \ /,,-\ 

«/ = ^' ^/ — ^' if^b,r), 15 

2 mvi/ cos /? •' 2 m^y cos /? 

4 



= -i / = &,r , 16 



where /| is the 3rd component of the isospin, is the charge of the fermion in 
units of the positron, and Nij is the neutrahno mixing matrix in the notation 

of i, 

The important point here is that the Z-boson only couples to the higgsino 
components of the neutrahnos, Eq. (^. Therefore, for \M\ <^ the Z-X2-X1 
coupling can be rather small and the Higgs boson exchange contribution can 
become important due to the h^-b-b coupling. This implies that the products 
of Z-couplings Lh O21" and Ri, O21" can be smaller than the product of Higgs 
couplings demonstrated in the next section. 

3 Numerical Results 

In our numerical analysis we have taken sin^ 9w = 0.2315, a{mz) = 1/128, 
mz = 91.187 GeV, = 1.777 GeV, = 5 GeV, and rrit = 175 GeV. 
In the b Yukawa couplings, Eqs. ( |T5|) and ([T6|), we have taken the running 
rrif, mass according to the renormalization group equations Moreover, we 
have fixed Mp = 500 GeV (F = E,L,D,Q,U), Ai = 100 GeV {i = T,b,t), 
M = 120 GeV, and M' = 5/3 tan^ 6'vi/M. With this choice of parameters 
the sfermion exchange is suppressed relative to the exchange. For the 
radiative corrections to the and masses and their mixing angle a we 
use the formulae of Ref . [|1^ ; for those to mH+ we follow Ref . [|ll|] .[] 



Fig. |I] shows the ratios of couplings (021 '^b°)/(-^b^2i") (^^11 line) and 
('^21 ^b°)/ i^b02i") (dashed line) as a function of /i for tan/5 = 4 and m^o = 
125 GeV. In the regions with gaugino-like x'j'2 (l/^l — ^) these ratios are 
1 Notice that ^ |ll| have a sign convention for the parameter fi opposite to the one 
used here. 
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always larger than 1 and the absolute value of (021 )/ {RbOJ^i') goes up to 
15. 

In Fig. ^ we show the branching ratios of X2 ^ Xi / / ^i-s a function of 
where / denotes vi, e, r, m, d, or h. The other parameters are as in Fig. |1|. 
The final state with hh clearly dominates for |/i| > M due to the dominance 
of the Higgs exchange. Also the x\ 't^ final state is enhanced compared to 
the Xi = /i) final states for the same reason. The branching ratio 

for X2 ^ Xi ^ ^ has maxima near = ±500 GeV. This can be explained by 
the fact that the gaugino components of x? 2 quite generally rising with 

and are constant for > 500 GeV, whereas the higgsino components are 
decreasing with 

Fig. I shows the ratio BR{xl ^ xl f f)/BR!{xl - X? / /) [/ = e, /i, r, h] 
as a function of /i, where in BR {BR!) we have included (neglected) the 
Higgs boson contributions to the partial decay widths. The e and /i channels 
can be reduced by up to 20%. The branching ratios for the r and h channels 
are enhanced. The maxima for the r channel near /i = ±500 GeV can be 
explained in the following way: BR'{x2 ~^ Xi ''"^ ) has minima at these 
H values due to a destructive Z-fi interference, and BR{x^ Xi't^ is 
enhanced due to Higgs exchange. 

Fig. ^ shows the tan (5 dependence of BR{^ ^ Xi f f) ^^i /i = —500 GeV. 
The rising of the bb and r+r^ channels is mainly due to the increase of the 
b- and r- Yukawa couplings. We also show in Fig. |^ the tan (3 dependence 
of the branching ratios for the Xi decays. Note that BRixt ~^ Xi ^t) is 
nearly twice BR{xi ^ Xi ^e) for large tan (3. The maximum (minima) 
of the BR{xt ^ X\qq') {BRixt ^ xU^'^e) and BR{xt ^ X?r+z/.)) at 
tan /3 ~ 10 is due to a positive W-q (negative W-l and W-f) interference. 

The m^o dependence of the X2 decay branching ratios is shown in Fig. |^. 
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As can be seen the Higgs boson exchange is important for m^o < 200 GeV 
and decreases for larger m^o . This is because | sin a \ decreases with increasing 
m^io leading to a reduction the of 66 coupling [Eq. (pISl)]. 

In Fig. 1^ we show the dependence of the X2 branching ratios on the 
f/(l) gaugino mass parameter M' taking M = 500 GeV, fi = 500 GeV, 
and tan /3 = 4. This dependence is rather weak except for M' ~ M where 
m^o ~ m-+ ~ m^o. 

A2 Xl Al 

4 Summary 

In this paper we have shown that the Higgs boson exchange contributions to 
three-body decay modes of the second lightest neutralino can be very impor- 
tant even if tan (3 is small. This is valid for scenarios where the sfermions are 
heavy mz) and m^o is not too heavy (m^o < 200 GeV). This affects the 
signatures for X2 decays at LEP, FNAL, LHC, an e+e~ linear collider, and a 
muon collider. Most studies have been done within the minimal supergravity 
model |12|. A feature of this model is that m^o is in general large and 
consequently |sina| relatively small, implying a small — bb coupling for 
small tan (3. In a more general framework this is not necessarily true and the 
Higgs boson exchange contribution could be much larger. 
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Figure 1: Ratios of couplings (021 "b°)/(-^;>^2i") (full line) and {a2laf)/ 
{Rb O21") (dashed line) as a function of fi for tan /3 = 4 and m^o = 125 GeV. 
The other parameters are given in the text and the couplings are defined in 
Eqs. (0) - (pISl). The grey area will be covered by LEP2 {rn^+ < 95 GeV). 
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Figure 2: Branching ratios oi X2 ^ ^ function of for tan (3 — 4 and m^o = 
125 GeV. The other parameters are given in the text. The graphs correspond 
to following transitions: ^ Xi^i^i {I — e,//, or r), Dx^ — > Xil'^l~ 

(/ = e or /i), Ax2 ^ Xi^^^', "x" XiQq {q = u or c), • X2 ^ XiQQ 
{q = d or s), and Xi^b. The grey area will be covered by LEP2 

(m-+ < 95 GeV). 
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Figure 3: Ratio BR{xl ^ x\fI)lBR'{xl ^ X?//) as a function of /i 
for tan/5 = 4 and m^o = 125 GeV. The other parameters are given in the 
text. In case of BR {BR') we have included (neglected) the Higgs boson 
contributions to the partial decay widths. The graphs correspond to: □ e or 
II, A T, and *b. 
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Figure 4: Branching ratios of X2 ^ function of tan (5 ior ji — —500 GeV 
and m^o = 125 GeV. The other parameters are given in the text. The 
graphs correspond to following transitions: Xi^i^i — c,A*, or r), 

□X2 ^ Xil^l~ (/ = e or jj,), ^ x'ir+r-, Bx" ^ XiQQ (q = u 

or c), •X2 ~^ XiQQ {q = d or s), and ~^ Xi^^- the gray area is 
rriho < 90 GeV. 
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Figure 5: Branching ratios of function of tan/j for /i = —500 GeV 

and m^o = 125 GeV. The other parameters are given in the text. The 
graphs correspond to following transitions: oxf ^ Xi^^^/ {I — e or /i), 
^Xt ^ xIt+Ut, and Mxt ^ xIq'q {{q',q) = {u,d) or (c,s)). In the gray 
area is niho < 90 GeV. 
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Figure 6: Branching ratios of X2 3- function of m^o for tan/3 = 4 and 
H = 500 GeV. The graphs correspond to following transitions: o — > vi i/i 
{I = e,ii, err), ^ X?^+^" {I = eor /x), Ax^ ^ xi^+T', ■X2 ^ X??? 
(g = or c), • X2 ^ Xi ? ? = or s), and ★x" ^ Xi^b. In the gray area 
is ruho < 90 GeV. 
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Figure 7: Branching ratios of X2 ^ function of M' (in GeV) for M2 — 
120 GeV, fjL = 500 GeV, tan /3 = 4, and tuao = 125 GeV. The other param- 
eters are given in the text. The graphs correspond to following transitions: 
o X2 ^ X? i^i il = e, /i, or r), □ X2 ^ X? ^"^ ^" = e or /i), A ^ X? ^"^ t", 
■X2 ^ XiQQ {(l = u or c), • X2 ^ Xi = or s), and ★X2 ^ x2&^- In 

the gray area is m^o < 30 GeV. 
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